Spectroscopic data define the structures of the flagranones A (2), B (3) and C (4) from the nematode-trapping fungus Duddingtonia flagrans. These antibiotics are structurally related to the farnesylated cyclohexenoxides of the oligosporon group recently isolated from the nematode-trapping fungus Arthrobotrys oligospora, and show similar antimicrobial activity.
The interactions between nematophagous fungi and their nematode prey have been extensively investigated,*~3) and such fungi have potential for the biological control of nematode parasites of plants4) and animals.5) Duddingtonia flagrans (Duddington) Cooke, a predacious soil fungus which forms a mono-specific genus and employs adhesive net traps, has shown particular promise both in vitro and in vivo for the control of nematode infections of livestock.6~9) Extracts from a cultured isolate of D. flagrans also showed larvacidal activity in a development assay employing Haemonchuscontortus eggs.10) The only secondary metabolites reported to date from predatory fungi are the antibiotics of the oligosporon group recently isolated from Arthrobotrys oligospora,lhl2) which like D. flagrans also forms adhesive net traps. Their novel structures are typified by that of oligosporon itself (1), and include various representatives reduced at the C-l carbonyl or the C-4',5' olefin, hydroxylated at the 1 1 '-methyl, or epoxidised at the C-10' ,ll' olefin. We now describe the isolation and structural elucidation of the related metabolites flagranones A (2), B (3) and C (4) from cultures of-D.flagrans, and the antimicrobial activity of flagranones A and B.
Experimental General NMR spectra were recorded for acid-free CDC13
solutions on a Varian Gemini-300 instrument at 300MHz
for !H and 75.43MHz for 13C. TMSand the 13C resonance of CDCI3at 77.0ppm were used as internal references. Signal assignments were based on direct spectrum analysis, APT and HMQC data, and comparison with literature data.12) EIMS, HR-EIMS and ESMS were recorded on Fisons Instruments AutoSpecand Quattro II spectrometers.
UVspectra were recorded on a Hewlett-Packard 845OA sp e ctrophotometer.
Production and Isolation of the Flagranones
Wheat, oats, and barley grains (50g each) were separately seeded with an inoculum of D. flagrans isolated from cattle faeces and incubated at 24°C for 4 weeks. The fermented grains were washedwith water to remove spores, and portions of the remaining materials were extracted with EtOAc. Since TLCanalysis of the three extracts showedthe presence of similar components, which were not present in the uninoculated grains, the grains were combined and extracted by shaking for 1 hour with EtOAc (500ml).
Filtration, drying (Na2SO4) and evaporation of the solvent afforded a brown oil (1.06g (1 : 100) separated flagranone A (2) (38.7mg) as a yellow oil from a mixture of flagranones B and C (50.3mg). Rechromatography of this mixture in EtOAc -CHCl3 (4 : 100) gave flagranone B (3) (7.8 mg), and then in EtOAc -CHCl3 Table  1 , andtheir lB and 13G NMRdata in Tables 2 and 3 .
Bioassay of the Flagranones Antimicrobial assays12) and nematode larval development assays13) were carried out as described previously. NOV. 1999 Results and Discussion Structure of Flagranone A (2) HR-EIMS established the molecular formula of flagranone A (2) as C26H32O7 (Table 1) , C2O greater than that of oligosporon (1), C24H32O6. Mass measurement of the base peak at m/z 69 defined its composition as C5H^, suggesting the presence of a terminal dimethylallyl unit in flagranone A.12) [H and 13C NMRspectroscopy extended this unit to a 4',5'-dehydrofarnesyl chain, for which the chemical shift and multiplicity data closely matched that for oligosporon (1) from 2'-CH to 12'-CH3 (Tables 2 and  3 and C5H9from the molecular ion accounted for the strong fragment ion with composition C19H19O5at m/z 327 in EIMS.
The dehydrofarnesyl chain of flagranone A must be attached to a nucleus C9H7O5, which thus carries two hydrogen atoms less than the 2-acetoxymethyl-4-hydroxy-5,6-epoxycyclohex-2-enone nucleus, C9H9O5, of oligosporon (1). NMR data clearly establish the flagraiione nucleus as the corresponding 2-acetoxymethyl-5,6-epoxycyclohex-2-en-l,4-dione depicted in structure (2) ( Tables 2 and 3 Ac-CO b Assignments may be interchanged within groups. Flagranones A and B were tested for antimicrobial activity against a range of bacteria and fungi. The MIC value for flagranone A (2) against the Gram-positive bacteria B. subtilis and S. aureofaciens was 25 ,ug/ml, for flagranone B (4) 50 and lOO^g/ml respectively. Only flagranone B inhibited growth of the Gram-negative bacterium E. carotovora, and that was incomplete at 100 /ig/ml. Antifungal activity was also limited, with an MIC value for flagranone B of lOO /zg/ml against P. cinnamomi, and incomplete inhibition of P. ultimum and R. solani by flagranones B and A respectively. The amount of flagranone C available was insufficient for quantitive bioassay.
Conclusion
Flagranone A (2) from D. flagrans and the oligosporon metabolites from A. oligospora, exemplified by oligosporon itself (1), probably share a commonbiosynthetic pathway, with carbon skeletons formed by alkylation of a polyketidederived nucleus17^19) with a terpenoid-derived farnesyl unit.
Flagranones B (3) and C (4) represent oxidative cleavage products of the side chain of flagranone A at the 6',7'-and 4',5'-olefmic bonds, respectively. The enedione nucleus of the flagranones is at a higher oxidation level than the hydroxyenone and enediol nuclei seen to date in the oligosporonsll 12). The 1 '-(9-acetate side chain substituent is also characteristic of the former group, although the nuclear 2-acetoxymethyl functionality is commonto both groups. The flagranones and oligosporons share d\\-trans olefinic stereochemistry in the side chains, and probably also correspond in absolute configuration at the respective stereogenic centres. While the absolute configuration of the 
